The Frank system vectorcardiogram has been studied in 6I patients with severe mitral valve disease to determine the value of the vectorcardiogram in the recognition of the relative degree of left and right ventricular hypertrophy in this situation.
The vectorcardiogram rarely showed large QRS voltages in left ventricular hypertrophy, though these changes were often evident in the conventional electrocardiogram. The vectorcardiogram appeared to be more successful than the electrocardiogram in the recognition of severe right ventricular hypertrophy. An unusual rightwards displacement of the QRS loop was found in patients with tricuspid valve disease.
It is concluded that the vectorcardiogram gives useful additional information for the recognition of ventricular hypertrophy that is not evident in the conventional electrocardiogram in mitral valve disease.
The scalar electrocardiogram is often unhelpful in the assessment of left and right ventricular hypertrophy in patients with mitral valve disease (Fraser and Turner, 1955; Imperial, Bendezu, and Zimmerman, I960) . The vectorcardiogram allows more detailed analysis of the distribution of electrical forces during the course of ventricular activation. In the present study the changes in the spatial QRS loop of the vectorcardiogram have been analysed in 6i patients with mitral valve disease, using the Frank (I956) electrode system. The findings have been correlated with the degree of ventricular hypertrophy determined by clinical assessment and special investigation.
Methods
The 6i patients were studied in hospital while the possibility of surgical treatment for their mitral valve disease was being considered. The ISo John Hamer was adjusted to give i cm. or 2 cm. deflection in response to the o 5 mV signal on each axis. Drop-shaped timing interruptions at 2 5 msec. intervals gave the direction of rotation of the loop. The oscilloscope face was photographed with a Polaroid camera using a timed delay exposure triggered by the previous QRS complex to record the QRS and T loops.
The QRS vector loops were analysed in regard to amplitude, form, sense of rotation, and orientation in both horizontal and frontal planes. Sagittal plane loops were recorded, but were not analysed in detail. The treatment of long and broad loops differed. The axis reported for a long loop is that of the maximum vector, but for a broad loop the half-area vector is used. The width of the loop is measured at the widest point at right angles to the axial vector.
Results
The patients have been arranged in series from the relative posterior to anterior distribution of the QRS loops. Two additional patients had long posterior loops but with a more rightward and posterior horizontal axis (Table 2 ) and were not included in the group. One of these patients had tricuspid valve disease. Fig. 4 ). The horizontal half-area vector was widely scattered in this group, because of the crossover. The width of the loop varied from 1-3 tO 2-7 mV, and was from 4 tO i5 times the narrow diameter. The frontal axis was between + iooo and + I600, indicating considerable right axis deviation. The axial voltage was between o-8 and I-7 mV and the width was between 0-3 and 2-2 times the axial voltage.
The electrocardiogram indicated left ventricular hypertrophy in 3 patients and right ventricular hypertrophy in 4 patients. The right ventricular systolic pressure was over 80 mm. Hg in 3 patients. The tendency is to right ventricular dominance in this group.
Group 5 Anterior clockwise horizontal loops were found in 5 patients with severe right ventricular hypertrophy (Table 4 and Fig. 5 ). The horizontal axis was to the right, between + IIO and -I700, and the voltage varied from o 5 to :I5 mV. The width of the horizontal loop was between o-8 and 7-0 times the axial voltage. The frontal axis was between + IIO and + I500, the voltage from o-6 to 2-2 mV, and the width from o05 to 2-4 times the axial voltage. Left ventricular hypertrophy was present on the electrocardiogram in 3 patients, and 2 of these, with i other patient, were thought to have serious left ventricular hypertrophy on clinical grounds in addition to the very severe right ventricular hypertension found in the whole group. Four of the patients had electrocardiographic evidence, in the ratio of R to S in Vi, of right ventricular hypertrophy. electrical axis and the right ventricular pressure, and they suggest that the left atrial enlargement common to both forms of mitral valve disease is responsible for the change in electrical position of the heart. The mechanical effect of left atrial enlargement is unlikely to be responsible for the changes in axis, but an alteration in the intrathoracic electrical field by the addition of a large mass of blood behind the ventricles may play a part. The high electrical conductivity of the blood in the left atrium will tend to augment the posterior and inferiorly directed forces to give the impression of a more vertical and posterior electrical position of the heart.
It seems likely that the abnormal inferior and posterior electrical axis in mitral valve disease makes the recognition of ventricular Vector analysis of the changes in the QRS complex allows more detailed assessment of the directional changes during the course of ventricular activation. Since the demonstration by Grishman and Scherlis (I952) that the 'cube' system of vectorcardiography is useful in distinguishing early stages of right ventricular hypertrophy, several studies of patients with mitral stenosis using this technique have been reported. The clockwise anterior QRS loops in the horizontal plane characteristic of right ventricular hypertrophy pattems were found in a large proportion of the patients studied (Donoso et al., 1957) , but there was not a close relation to the pulmonary arterial pressure. Other patients showed anteriorly orientated but counterclockwise horizontal loops which probably indicate some degree of right ventricular dominance. Massie and Walsh (I960) described three QRS patterns in patients with mitral stenosis that resembled the appearances found in chronic lung disease. They found posterior rotation of the whole QRS loop in some patients, a figure-of-eight pattern in the horizontal plane in others, and a superior terminal appendix in a third group. These appearances are attributed to the progressive effect of right ventricular hypertrophy on the posteriorly directed QRS loop produced by the alterations in intrathoracic electrical field discussed in the previous paragraph.
Since these studies, the introduction of the corrected electrode system of Frank (1956) The vectorcardiogram in mitral valve disease 157 with a vertical heart, is frequently seen in isolated aortic stenosis, though more extreme right axis deviation is more convincing evidence of associated right ventricular hypertrophy (Pagnoni and Goodwin, I952) .
In view of the difficulties in defining arbitrary criteria for the assessment of the hypertrophy in each ventricle when both are abnormal, the vectorcardiographic patterns in the present study have been analysed to determine the relation to the degree of left and right ventricular hypertrophy estimated on clinical and haemodynamic grounds. A continuous gradation from posterior to anterior direction of the QRS loop is evident, but five groups have been defined arbitrarily for convenience of description.
The first group, with long posterior loops (Fig. i) , probably represents left ventricular dominance, though only a few patients had maximal QRS voltages beyond the normal upper limit of approximately 2-0 mV (Romhilt, Greenfield, and Estes, I968). Crossing of the QRS loops to give a terminal clockwise part may be evidence of myocardial damage interfering with normal conduction in the ventricle. Clinical and haemodynamic assessment suggested serious left ventricular hypertrophy in most of these patients, though right ventricular hypertrophy was often present in addition. The scalar electrocardiogram was more successful than the vectorcardiogram in diagnosing left ventricular hypertrophy in this group, suggesting that significant local effects from the left ventricle are detected with conventional praecordial leads which are lost with the corrected orthogonal Frank electrode system. The second group (Fig. 2) , with open posterior loops, closely resembles the records from normal subjects. The more posteriorly directed loops in this group probably correspond to the pattern described by Massie and Walsh (I960) . Serious left ventrioular hypertrophy was the usual finding in these patients and there was often right ventricular hypertrophy also. The voltage criteria for left ventricular hypertrophy were not evident in the vectorcardiogram though the conventional electrocardiogram often showed large QRS voltages. The electrocardiographic suggestion of right ventricular hypertrophy in 4 patits was not supported by other evidence. The wider QRS loop in these patients, in comparison to the first group, may be an indication of a greater effect from the hypertrophied right ventricle. In 2 patients with particularly wide loops the 'pie-plate' pattern described as characteristic of combined ventricular hypertrophy was found. The high incidence of tricuspid valve disease in these patients is striking. The only other patients with organic tricuspid valve lesions that were studied had more left ventricular disease and resembled the preceding two groups, but in each case there was an unduly rightward displacement ofthe maximal vector. The unusual rightwards forces found in association with tricuspid valve disease may be produced by the high electrical conductivity of the large mass of blood in the dilated right atrium.
The fourth pattern (Fig. 4) 
